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ABSTRACT
In our paper we derived the classical motion equation of electromagnetic field in space with Higgs
field and by means of it discussed the distributions of charge and current formed when the static
electrical and magnetic fields are interacting with the spherically symmetrical Higgs field, and
predicted the electrical polarizability of electron.
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1. CLASSICAL MOTION EQUATION OF ELECTROMAGNETIC FIELD UN-
DER HIGGS FIELD
As already studied by previous workers, Feynman diagram(Fig. 1) which represents the interaction
between electromagnetic field and Higgs field and the corresponding Lagrangian LHγγ (Eq. 1–1) is
given as1–3
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Figure 1: Feynman Diagram on interaction between Higgs field H and electromagnetic field γ
through the rings of the main Fermions f and the immediate vector bosons W+, W−
LHγγ =
αF
8piη
H(x) (Fµν(x))
2 (1–1)
Here γ is the fine-structure constant, η = (G
√
2)−1/2 = 246GeV , and considering the virtual
ring particle F is calculated as
F =
∑
n
FnQ
2
n − FI (1–2)
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1
, where n means the charged virtual ring particles – leptons (e, µ, τ), quarks and bosons W+, W−,
Qn represent charges of these particles , and Fn are calculated through the equations (1-3), (1-4).


F 1
2
= −2β[(1 − β)χ2 + 1]; 1
2
spin particle
F1 = 2 + 3β + 3β(2 − β)χ2; 1 spin particle
FI ; contribution of strong interaction
(1–3)
Here 

β =
4m2
m2H
χ = arctan
1√
β − 1;β > 1
χ =
1
2
[
i ln
1 +
√
1− β
1−√1− β + pi
]
;β <= 1
(1–4)
m is the mass of the virtual ring particle, mH is the mass of Higgs particle and Lagrangian which
describe the motion of electromagnetic field in space with Higgs field is given as
L = L0 + LHγγ (1–5)
, where L0 is Lagrangian of free electromagnetic field, i.e.
L0 = −1
4
FµνF
µν (1–6)
In eq. (1–1) introducing the representation
U(x) = − αF
8piη
H(x), (1–7)
eq. (1–5) can be written as
L = −1
4
(1 + 4U(x))FµνF
µν . (1–8)
Also taking account for
∂(FµνF
µν)
∂(∂µAν)
= 2Fµν , (1–9)
the classical motion equation of electromagnetic field is given as
∂
∂xµ
[(1 + 4U(x))Fµν ] = 0. (1–10)
This equation can be rewritten as
∂Fµν
∂xµ
= − 4
1 + U(x)
∂U(x)
∂xµ
Fµν . (1–11)
Using the representations of electrical field vector and magnetic field vector, we can obtain the
followings equation system.


divE = − (grad (ln (1 + U(x))) · E)
∂E
∂t
− rotH = grad (ln (1 + 4U(x)))×H
rotE = −∂H
∂t
divH = 0
(1–12)
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As well-known, if sources of electromagnetic field – charge and current exist, eq. (1–2) is changed
as 

divE = −ρ
∂E
∂t
− rotH = −j
rotE = −∂H
∂t
divH = 0
(1–13)
, where ρ and j are the charge density, the current density, respectively. Comparing eq. (1–13)
with eq. (1–12), we can find that the following new type of charge and current sources occur by
interaction between Higgs and electromagnetic fields.
ρ = − [grad (ln (1 + U(x))) ·E] (1–14)
j = − [grad (ln (1 + 4U(x)))×H] (1–15)
In order to obtain the clear image of space distribution of space-charge density ρ and space-
current density j, first as the simplest case we assume that spherical symmetrical Higgs field H(r)
distributed round a given center, static uniform electrical field E and uniform magnetic field H
exist. Then eqs. (1–14) and (1–15) can be written as
ρ = −1
r
d
dr
(ln (1 + U(r))) (r · E) (1–16)
j = −1
r
d
dr
(ln (1 + U(r))) [r×H] (1–17)
Distributions of Charge density and current density which are taken from these equations can be
seen from Fig 2.
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+ + + 
– – – 
– – – 
 
 
H(r) H(r)
O O
ρ
j
r
E H
Figure 2: Spherically symmetric Higgs field and distributions of charge and current density induced
by uniform electrical field E and uniform magnetic field H when ddr (ln (1 + U(r))) < 0.
As you see from Fig 2, when electrical field and magnetic field exist, charge and current dis-
tributions of dumbbell shape, of which axes are electrical field vector and magnetic field vector
passing across the center of spherically symmetric Higgs field, are induced and occur in direction
which makes the external electrical and magnetic fields weaker when Higgs field decreases with the
increment of distance, i.e. when ddr (ln (1 + U(r))) < 0. In other words Higgs field acts as “dielectric
body” or “diamagnetic” in this case. On the contrary when strength of Higgs field increases with r,
opposite phenomenon to one above mentioned presents (Fig 3).
Since generally the strength of Higgs field built around spinor is proportional to its mass and
mass of Higgs field particle is very large as 125GeV, it decreases rapidly as the distance from the
particle increases.
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Figure 3: Spherically symmetric Higgs field and distributions of charge and current density induced
by uniform electrical field E and uniform magnetic field H when ddr (ln (1 + U(r))) > 0.
In other words spinor particle appears to put on an ultrathin cloth of Higgs field. Since such
Higgs field exists, particle will take additional electrical polarizability and magnetic polarizability
if it enters electric field and magnetic field.
2. ELECTRICAL POLARIZABILITY OF MAIN PARTICLES OF STANDARD
GAUGE MODEL
The wave function of the main particles e, µ, τ of Standard Gauge Model, quarks and fermions is
expressed as Ψ(x). Then Lagrangian of interaction between these particles and Higgs field can be
written as
LH
Ψ¯Ψ
=
mΨ
η
Ψ¯(x)Ψ(x)H(x) (2–1)
In order to obtain the space-time distribution of Higgs field built around spinor particle properly,
we have to solve the complicated nonlinear partial differential equations with the nonlinear terms
as H2(x) and H3(x), but for the sake of brief discussion we will use the approximate solution of
Yukawa field shape as follows:
H(r) = −mΨ
4piη
e−mHr
r
(2–2)
Equation (2–2) reflects rather properly the strength of Higgs field in some long distance from Higgs
field source. As you see from this equation, Higgs field almost vanishes over the distance of 1mH
from the source and is concentrated within the distance shorter than that. Now for the sake of
convenience we will introduce the representation
f(r) = ln (1 + 4U(r)). (2–3)
Calculating by using Eq. (1–16) about the charge density which appears when external electrical
field E, electrical dipole is derived as
d = −
∫
df(r)
dr
(r · E)r
r
dV (2–4)
, or in spherical coordinates
d = −
∫
∞
0
∫ pi
0
∫ 2pi
0
df(r)
dr
(r · E)r
r
r2 sin θdrdθdϕ. (2–5)
This is represented in spherical coordinates where the origin point is the position where Higgs
field source – a particle exists, and then the sum of x and y components of electrical dipole vanishes
4
and only z component remains, i.e.:
d =
(
−4pi
3
∫
∞
0
dr · r3df(r)
dr
)
E (2–6)
The quantity within parentheses is the electrical polarizability β by Higgs field built around fermion.
In order to estimate the magnitude of the electrical polarizability β, we will first replace r with the
dimensionless quantity ξ = mHr and then substitute eq. (2–2) about Higgs field for eq. (2–3) about
f(r). Then we can rewrite eq. (1–7) about U(r) as
U(ξ) = C0
e−ξ
ξ
(2–7)
, where C0 is
C0 =
αFmHmΨ
32pi2η2
(2–8)
, and
df(ξ)
dξ
= −4C0 ξ + 1
ξ(ξeξ + 4C0)
. (2–9)
Calculating the equation of the polarizability β by using eq. (2–9), we find
β = −4pi
3
∫
∞
0
drr3
df(r)
dr
= C1
∫
∞
0
dξ
ξ2 + ξ3
ξ(eξ + 4C0)
(2–10)
, where
C1 =
αFmΨ
6pim2Hη
2
On the other hand, as mHη ≈ 0.5, mΨη ≈ 2 · 10−6, α = 1137 , F ≈ tens, in case of the electron
C0 ≈ 10−10 is very small. Evaluating the integral (2–10) from this, it is about 3 and finally
β ≈ αFmΨ
2pim2Hη
2
. (2–11)
Calculating the polarizability β due to Higgs field built around the fermion, we can find that we
have to be accurately aware of mass mH of Higgs field particle as well as mass mΨ of a given spinor
particle. Recently the fact that mass of Higgs boson mH ≈ 125GeV is confirmed both theoretically
and experimentally.4–6 Along with this, substituting masses of e, µ and τ−mesons; me = 5.11 ×
10−4GeV , mµ = 0.1057GeV , mτ = 1.784GeV and the value of F , computed numerically by using
equations (1–2) ∼ (1–4) for equation (2–11), the polarizabilities β of e, µ and τ are calculated as
β(e) ≈ 4.5 · 10−57cm3
β(µ) ≈ 1.0 · 10−54cm3
β(τ) ≈ 1.6 · 10−53cm3
(2–12)
As already known, the polarizabilities of atoms are similar to their volumes approximately. On the
contrary, if the polarizability of an atom is known, its diameter can be estimated approximately.
With this respect, for instance, electron magnitude is estimated about 10−19cm. On the other hand,
as static polarizability must be real, it is required that variable F in equation (2–11 must be real
and then ImF = 0. From this we can search numerically the mass mH of Higgs particle satisfying
ImF = 0. We will stress that the mass mH of Higgs boson is between 120 ∼ 164GeV within a
certain error by numerically computing.
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Conclusions
In our paper we derived the classical motion equations of electromagnetic field under Higgs field
using the simplest ring diagram of interaction between Higgs field and electromagnetic field and as a
simple application of it we revealed the charge polarization and magnetic polarization induced when
spherically symmetric Higgs field exist in the static electrical and magnetic fields. Even though the
main fermions of Standard Gauge Model don’t consist of other components, we also derived the
evaluation of the electrical polarizability due to Higgs field shell built around them and from it
calculated leptons’ polarizabilities approximately.
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